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Description 

PARI FOR CASTING 

Technical Field 

The present invention relates to a pan useful for casting that Is. obtained by 
converting base paper for paper tubing into a tube, a process of producing the part* and a 
casting production method using the part. 

Background Art 

Casting production gci»^iiy\mv<rfvc^-fonning a casting mold having a cavity 
(and. If necessary; a core) from casting -sand, forming a pouring cup, a sprue, a channel 
and a gate to make a passage leading to the cavity though which molten metal k fed to 
the cavity (these parts will hereinafter be inclusively referred to as a gating system}, and 
additionally forming a vent, a feeder, and a flow-off which lead to the outside. Tim 
gating system, vent, feeder, and Oow-off are formed Integrally with the moid, or the 
gating system is assembled from parts separately made of refractories such as 
earthenware and brick . 

Where a mold and a gating system, etc. are integrally fenned, it is difficult to 
design the gating system in a intricate configuration, and sand enters molten metal 
easily. Where, on the other hand, parts made of refractories are used to set up the 
gating system, etc., molten metal is liable to experience a temperature drop on contact 
with the gating system, Me, Moreover, assembly of the reftactory parts into a gating 
system, etc. is tmablesonie. Involving cutting refraciorks with a high-speed coiten e.g,, 
a diamond cutter, and joining the cut pieces by tape winding. In addition, alter filling, 
the refractory gating system, etc, break due to thermal shock and fee like to produce a 
large quantity of industrial waste, the disposal of which Is labor intensive, in pneraf 
a gating system made of refractories is inconvenient to handle, 

■'The technique disclosed in JP-A-tJ -1-60742 (Japanese utility mode! laid-open 
publication) Is among known methods addressing these problems. According to this 
technique, a heatrbsulating material obtained by molding a slurry comprising organic 
or inorganic fiber and an organic or inorganic binder is used to make parts tbmilng a 



gating .system: jn place of refractories. 

However, a gating system, etc. molded from a combination of organic fiber and 
m organic binder largely shrinks due to thennal decomposition on. feeding molten 
metal which can lead to leakage of the molten metal from the gating system, sic. 
Where mprganic fiber and an inorganic binder are combined, it is difficult to mold into 
a lisat-lnsulMing materia! having a three-dimensional shape (e.g^ a hollow shape), 
resulting in a failure to make a gating system, etc. matching various cavity shapes. 

It. is also known to use a paper core for casting produced from a material 
having a reduced cellulose fiber content by mixing inorganic powder and/or inorganic 
fiber into cellulose fiber (see, e.g., The paper core can be produced 

with suppressed shrinkage on drying. By use of this core, generation of gas or tar-like 
polymers from cellulose fiber during easting eaii fee suppressed. As a result, easting 
defects are prevented, and easting workability is Improved. 

Notwithstanding these ad 'vantages-- the paper core according to that technique 
contains no binder and is th^reibre not sin ted for use in a gating system, etc, applied to 
various cavity shapes. 

Accordingly an object of the present invention is to provide a part for use In the 
production of castings which is less liable to. thermal shrinkage due to thermal 
decomposition, easy to handle, and configured to .constitute a gating system, etc. 
applicable to various cavity shapes, a process of producing the part, and a casting 
production method using the pari. 

Disclosure of the Invention: 

The present invention accomplishes the above object by providing a part for 
casting obtained by convening base paper for paper tubing into a.tufee and containing air 
orgame fiber, carbon fiber, and a binder. 

The present invention also pro vides a method of producing, a casting using; a. 
part tor easting containing an organic fiber, carbon fiber, and a binder. T he pari h 



disposed in casting sand. 



The -present invention also provides a process of producing the part .for casing, 
according to the invention. The process includes the steps of making base paper tor 
paper tubing by papennaking using a slurry containing at least the organic fiber and the 
carbon fiber, converting the base paper into a paper tube, and imprecating the paper 
tnbe with the binder. 

Brief Description of the Drawings 

Fig, 1 schematically shows an embodiment of the invention in which a part for 
casting is used as a sprue. 

Fig. 2 is a perspective schematically showing a- configuration m which the 
sprue ox the embodiment shown in Fig. 1 is arranged together with other parts for 
casting such as a mold for casting. 

Best Mode for Carrying out the Invention 

The present invention will be described with .reference, to its preferred 
embodiments. 

The part for easting according to the present invention is obtained by 
converting base paper for paper tubing into a tubular form and contains an organic fihen 
carbon fiber, and a binder, 1 he part for casting is preferably formed by winding base 
paper. The base paper can be wound with or without an overlap between adjacent 
turns, A plurality of base papers may be wound one on lop of another. A long, 
cylindrical part for casting is preferably formed by spirally winding a strip of base 
paper. The part for easting of the invention may be formed otherwise than winding. 
For example, a rectangular: base paper for paper tubing is curled into a .cylinder,; and the 
opposing two sides are joined. Taking the strength required of a part for easting into 
consideration, the thickness of the base paper for paper tubing is preferably 0.4 to 
2 mm, more preferably 0.7 to 1 ,5 mm. 

The organic fiber jwetions. mainly to form the skeleton of the part. On 
casting, part or the whole of the organic liber decomposes by the heat of molten metal 
to lmv% voids in the part after easting production, 
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The organic fiber includes paper fiber and flMliated iynthei|c liber or 
regenerated fibers (e>g< ? rayon fiber) or etc. These fibers are used either Individually or 
as a mixture of two or more thereof! Preferred of them is paper fiber for the IbSJowmg 
reasons. Paper fiber is easily and stably supplied and therefore contributory to 
5 reduction of production cost. Paper fiber provides sufficient strength after dewatering 
and drying. 

The paper fiber inolnd^s not only wood pulp but non-wood pulp, such as cotton 
pulp, liriter pulp, bamboo, and straw. Virgin pulp or used paper (recycled) pulp can be 
used either alone or m combination thereof From the standpoint of ease and stability 
10 of supply* environmental conservation, reduction of production cost and etc, used paper 
pulp is preferred. 

II is preferred for the organic fiber to have m average kugtii of 8$ to 2,0 -mm, 
more preferably 0,9 to 1,8 mm, from the viewpoint of sudhee smoothness, impact 
strength, thickness uniformity and the like of the resulting part . 

15 The content of the organic fiber in the pari for casting of the present invention 

is preferably 1 0 to 70 parts by weight, more preferably 20 to 60 parts; by weight, in view 
of ease of conversion into a desired part, for securing strength as a part for easting, for 
reducing gas generation and etc. The unit ^part(s) by weight' 5 as used thronghoot the 
description is based on 100 parts by weight of the total amount of m organic fiber. 

2 0 carbon fi her , and a binder, 

•Hie carbon fiber serves mainly to form the skeleton of the part for casting 
similarly to the above-described; organic fiber. On easting molten metal, .it does not 
decompose nor burn even with the heat of the molten metal and continues serving to 
retain the ori ginal shape of the part 

25 When In using an organic binder as a binder, carbon fiber maintains high 

strength even in high temperatures, and is preferred for reducing thermal shrinkage 
accompanying carbonization of the organic binder. 



The carbon liber preferably has an average length of 0.2 to 10 mm, more 
preferably O S to. 8 mm, in order to secure good drainage in papermaking process, 
proeessabllity of the resulting base paper for paper tubing, and the like. 

The content of the carbon fiber is preferably I to 80 parts by weight, more 
preferably 7 to 40 parts by weight taking into consideration strength as a part for 
easting* processahlhty of the resulting base paper for paper tubing,; and the like. 

The weight ratio of the carbon fiber to the organic fiber (i.e., carbon fiber 
content/orgmiic fiber content) is preferably 1 to 60, more preferably 2 to 30, in the ease 
of using carbon fiber for ease of conversion as a pan for casting, securing strength and 
the like, 

T he binder includes organic ones and inorganic ones .as hereinafter described. 
The organic and the inorganic binders can be used either individually or as a mixture 
thereof 

The organic binders include such kinds as those serving to bind the organic 
fiber and the carbon fiber of the part for casting and those which enhance the strength of 
the part and, on casting, carbonize by the heat of molten metal to maintain the strength 
of the part. 

The organic binders include thermosetting resins, such as phenol resins, epoxy 
resins, and mran resins. Preferred of them are phenol resins in view of reduced 
generation of combiistible gas, resistance to ■ burning, :a high carbon residue content after 
thermal decomposition (earbamxation) and the like. Of the phenol resins more 
preferred are resoi type ones that require no curing agent and can impregnate into a part 
for casting of the present invention. 

The inorganic binders include those capable of binding the organic fiber and 
the carbon fiber of the part for casting, those winch do not thermally decompose on 
easting thereby reducing generation of combustion gas or !Iame ? those effective in 
iiihibiting carburizing on easting and etc. 

The inorganic binders include compounds mainly eoniprising SiO^ such as 
colloidal siliea, obsidian, nxullite, perlite, ethyl silieate v .and water glass. Among them 
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col loidal silica is preferred in view of its independent utility, ease of application and the 
like, and obsidian m preferred for prevention of earhurmng. The Inorganic binders can 
fee used either individually or as a mixture o f two or more thereof 

The binder content (on a solid basis) preferably ranges 30 to 85 pans by 
5. weight, more preferably 20 to HQ parts by weight, for securing strength as a part for 
casting, ease of conversion, and the like, 

hi using a binder other than obsMian, the content of the binder m the part for 
casting ,ls preferably 10 to 70 parts by weight, more preferably 20 to 50 parts by weight. 
In using obsidian as a binder* it Is preferably used in an amount of at least 20 parts by 
10 weight based on the total binder content The binder may consist solely of Obsidian, 

1 wo or more kinds of ..binders different m melting point can be used in 
combination. In order to retain the shape of the pans hi an temperature range of from 
anmient temperature (before casting) to high temperature (during easting) Ao prevent 
carbiirizmg during easting and the like, it is preferred to use a low-sndtlng binder and a 
1 & high-rnehing binder in combination, In this ease, the lowntnelf ing binder includes clay, 
water glass, obsidian or etc., and the high-melting binder includes the above-reeited 
compounds mainly comprising SiQa, midlite, wollastonite, AbO^ and ete. 

The part for casting according to the present invention can contain a paper 
strengthening agent. When a paper tube is impregnated with a binder, the paper 
2.0 strengthening agent added redu ces s well of the paper tube . 

A preferred amount of the paper strengthening agent to be added is 1% to 20% v 
more preferably 2% to 10%, based on the wei ght of the organic fi ber, 

lie paper sirengtaing agent includes poly¥?n^ alcohnh earboxymetbyl 
cellulose (CMC), Kymene (polyamideainine-epiehlorohydrin resin) and etc, 

25 The part for casting according to the present invent! on can Ixirther contain other 

additives soch as a fioecniant and a colorant 



The thickness of the part for casting is subject to variation according to where 



it is applied. For example, the portion which comes Into contact with molten metal 
preferably has a thickness of 0,2 to 2 mm, mam preferably 0.4 to 1.5 mm, for securing 
strength required of a part for casting whi le securing air permeability, reducing the 
production cost, md the like. 

To secure strength, the part for casting prelerahly has a compressive strength of 
10 N or higher, more preferably 3D N or higher, before itse In casting, 

it is preferred for the part before use in casting to have a water content of not 
more than 10% by weight more preferably 8% by weight or less/ in onier to minimize 
gas generation accompanying thermal decomposition of the organic hinder, 

The density of the part for easting is preferably 0.5 g/crn* or higher, more 
preferably 0.6 to L2 g/eml from the standpoint of $tren#h :? ,Mght weight,. p:rae^$.s#iiity ? 
and the li ke. 

The process of producing the part for casting will then he described, 
A slurry is. prepared by dispersing the organic and the carbon libers and xim 
binder in a prescribed dispersing medium. It Is possible to exclude the binder from the 
composition of the slurry, if desired, because the hinder may he incorporated by 
impregnation into tee. paper for paper tubing obtained by paperrnaking. de watering and 
drying or into a paper tube formed from the base paper. 

The dispersing medium includes water, white water, solvents such as ethMioI 
and .methanol, and etc. Water is particularly preferred in view of stability In 
paperniaking and dewatering, stability of qnality of the resulting base paper, cosh case 
of handling, and the like. 

[0039] 

The slurry preferably contains the organic fiber in an amount of 0T% to 3% by 
weight, more preferably 0.5% to : 2.% by weight, based on the dispersing medium in view 
of surface smoothness, thickness uniformity, etc. of the respiting base paper for paper 
tubing. 



If desired, the slurry can contain additives including a fiocciiknt, m aniiseptb 

and etc. 

The skirry is then converted into base paper for paper tubing by a papcrmaking 

process, 

Papermafcing can be carried out by any technique selected from, for example, 
continuous papermakfog methods using a eylinder paper machine, a Fourdrinier paper 
machine, a short-wire paper machine or a twfo-wire paper snacbine, and batehwiss 
papcrmaking methods including manual papermaking , 

In order for the base paper for paper tubing to keep the shape retention and 
mechanical strength after papcrmaking, the base paper for paper tubing is dewatered to 
reduce its water content (water content by weight, hereinafter the same) preferably to 
70% or smaller, more preferably to 60% or smaller, De watering of the bmc paper 
alter papennaking can be conducted by, for example, suction, blowing pressurized air or 
pressing with a pressure roil or a pressure plate. 

Ills d ewaiered base paper for paper tubing is forwarded to a drying step, Any 
means for drying that has eonventionaiiy been used to dry paper can be used in the 
drying step. 

The resulting base paper for paper tubing is slit into strips of prescribed width, 
which axe wound in a helix pattern to produce a spiral -wound paper tube having a 
multilayer -structure* 

Where necessary, a part or the whole of the resulting paper tube is impregnated 
with a binder. Binders to be infiltrated into the paper tube include resol type phenol 
resins cohoidal silica, ethyl silicate, water glass and etc. 

Where the paper tube is impregnated with a binder, it is possible to omit 
addi tion of a binder to foe slurry. 



Finally, the paper tube is dried by heating at a predetermined temperature to 
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complete production of a paper tube, It is pom hie thai eon version of base paper Into a 
paper tube is preceded by impregnation of the base paper with a binder. 

The part for casting according to the present inyentloa Is useM as a sprue as m 
the embodiment shown in Fig, l, in which nm-ner&I 1 indicates a sprue. 

.5. The casting production method of the present indention will he described based 

on an embodiment in which the above-mentioned sprue is used. 

As shown in Fig, 2, parts for easting are assembled according. Co a prescribed 
configuration. The parts for easting consist of a gating system including the sprue ! v a 
pouring cup % a channel 3 (inclusive of an elbow or L-shaped connector), gates 4 and 
10 etc. ; a vent 5; top and side feeders 6 and 7; a flow-off 8; and a mail .mold 9 having a 
cavi ty (not shown) corresponding to the contour of a casting to he made. 

The assembled parts for easting are buried in casting sand (not shown). 
Molten metal having a prescribed composition is fed to the cavity of the moid 9 through 
the gating system. Where the part for easting contains an organic binder, the binder 

15 and the organic fiber thermally decompose and carhonke by the heat of the molten 
metal hut the strength required as a part for easting is mamtained. Because the carbon 
fiber suppresses thermal shrinkage of the part due to the thermal decomposition, the 
sprue I is prevented from cracking or flowing away together with the molten metal so 
that incorporation of casting smd and the like into the molten metal does not occur, 

20 Alter the easting mold is broken to take out the casting product, it is easy to remove the 
sprue from the mold because the organic fiber has decomposed thermally . 

Casting sands conventionally employed for casting can he used without 
partienlar restriction. 

After completion of mold filling, the mold is cooled to a prescribed 
,26 temperatnre. The easting sand is removed, and the casting is subjected to blasting. 
Unnecessary parts such as the gating system parts are also removed. If needed, the 
easing is finished by trimming and the like to complete casting production. 
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As described, the part far casting of the aforementioned embodiment and a 
casting production method using the part offer the following advantages. The organic 
fiber decomposes by the heat of molten metal to leave voids inside of the pari for 
casting, while the carbon fiber and the binder maintain strength required of a part for 
casting. After destruction of the casting mold, the pari can easily be separated and 
removed. In other words, the use of the organic fiber, carbon fiber, and binder 
provides a pari for casting that retains strength required of a part for casting during the. 
casting mold formation and casting and reduces its strength in destroying the mold. 
Accordingly, the method of easting production of the present Invention simplifies 
disposal of used parts for easting and greatly reduces the waste itself as compared with 
the .conventional easting method using the parts made of refractories. 

Since the part for easting according to the present invention contains an organic 
fiber, -carbon fiber, and a binder, it produces a -smaller amount of flame on filling than a 
pan for casing made solely of an organic fiber. The part for casting of the present 
invention is prevented from reducing its strength due to combustion of the organic fiber, 
cracking due to thermal shrinkage accompanying thermal decomposition 
(carbonization) of the organic hinder and the like. As a result, the defect of products 
due to contamination of casting sand into the molten metal can he avoided . 

Having ak pernieability, the part of the present invention allows gas generated 
on pouring to escape toward the casting sand side. Production of defective castings 
attributed to so-called blow holes (or pin holes) and the like is thus prevented. 

The part for casting according to foe present invention is lightweight and easy 
to out with a simple tool and is therefore excellent in handling properties. 

The present invention is not limited to the above-described embodiments, and 
various changes and modifications can he made therein without departing from the 
spirit and scope thereof. 

the pari for casting according 10 the present invention can he used as not only 
the sprue I as in the above-descrihed embodiment but the pouring cap, th£ runner, the 
gate, the vent, the. feeders, and the flow-off (numerals 2 to .8) which are shown in f ig. 2, 
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The method for casting production according to the present invention is 
applicable, to not only cast iron but casting of nonferrous melds > such as akimmum and 
its alloys, copper and its alloys, nickel and lead. 

The present invention will now be illustrated in greater detail with reference to 
Example, 

EXAMPLE 1 

A slurry shown below was converted into paper, dewateredL and dried to obtain 
base paper for paper tubing having a thickness of 1 mm and a basis weiglit of 440 g/m^ 
The base paper was converted into a paper tube in the maimer described below. I he 
paper tube was impregnated with a hinder and dried by heating to cure the binder as 
described below to obtain a sprue (a. pari for easting) weighing about 30 g and having 
the physical properties shown below. 

Preparation of slurry: 

The organic fiber and the carbon fiber described below were dispersed in water 
to prepare an about 1% slurry (a total weight of the organic and the carbon fibers was 
1 % by weight with respect to water). The binder and the lloeculant shown below were 
added to the slurry to prepare a stock. The mixing weight ratio of the organic, fiber,, 
carbon fiber and binder was as shown below. 

Composition of slurry: 

Organic liber: recycled newspapers; average fiber length; I mm: .free^ess (CSE a , 
hereinafter the same): 150 cc 

Carbon fiber: Carbon fiber (Xorayea chopped fiber, available from foray Industries, 
inc.; fiber length; 3 mm) was beaten. 

The organic fiber. and the carbon fiber were mixed into a slurry at a weight ratio of 26:8. 
The slurry was adjusted to have a ireeness of 300 cc. 

Inorganic binder: obsidian (Mice Catch, available from Kinsei Matec Co., Ltd,) 
Organic binder: epoxy phenol resin (available from Sumitomo Bakehte Co., ltd ) 
FJoecaiani: poly&eryiamidc coagnlant (Al 10, available from Mitsui Cytec Ltd,} 
Dispersing medium : water 

Organic llber;earbon tiberdnorgainc binder:organie binder - 26:8:48:18 (by weight) 
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PapenBakmg conditions: 

I he slurry was converted into a wet paper sheet on a lilted short- win? paper 
machine -at a line speed of L5 m/min. 

De watering and drying conditions: 
5 The paper sheet was held in between two felt pads and de watered by suction 

and then passed between heating mils of 120°C at a line speed of 1.5 m/min to reduce 
the water content Id 5% by weight, or less. 

Step of converting into paper t ube: 

The resulting base paper was silt to obtain strips of five widths: 54 A mm, 
10 54.8 m 55.2 mm, 55,6 mm, md 56 A) mm. The strip of the smallest width was 
spirally wound into a tube, The other strips of four widths wexe spirally wound around 
the tribe m succession in ascending order of width to obtain a paper tube having an inner 
diameter of about 30 mm eind a density of L0 g/cni 5 , The strips were adhered to each 
other with an adhesive. 

1,5 Step of drying and curing : 

The paper tube was dried in a drying oven at 20CPC for about 60 mimiies to 
obtain a sprue, 

Physical properties of sprue; 
Tliickness; 1,0 mm 

2 o Production of casing: 

A gating system as shown In Fig. 2 was assembled tiding the sprue obtained in 
Example 1. A casting moid was set up using the gating system. A molten metal 
(14O0°C) was poured from the pouring cop. 

Evaluation of sprue after easting: 
25. Neither blo w back in the pouring eup nor vigorous flaming from the fiow-oil 

was observed. After casting, the moid was broken to find fee sprue covering fee 
solidified metal neatly. The sprue was easily removed by blasting. 
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As described, it was confirmed thai the sprue (part for casting) obtained in 
Example 1 was prevented froth thermal, shrinkage accompanying thettftal 
decomposition and was excellent in handling properties. 

Industrial Applicability; 

The present invention provides a part for easting that Is prevented from thermal 
shrinkage accompanying thermal decomposition and Is excellent in handling properties; 
a process of producing the part; and a method for easting production using the part. 



